Purpose To compare the effect of two different sperm preparation techniques, including swim-up and gradient methods on sperm deoxyribonucleic acid (DNA) fragmentation status of semen samples from unexplained and mild male factor subfertile patients undergoing intrauterine insemination (IUI). Design A prospective randomized study was conducted in 65 subfertile patients, including 34 unexplained and 31 male factor infertility to compare basal and post-procedure DNA fragmentation rates in swim-up and gradient techniques. Sperm DNA fragmentation rates were evaluated by a sperm chromatin dispersion (SCD) test in two portions of each sample of semen that was prepared with either swim-up or gradient techniques. Sperm motility and morphology were also assessed based on WHO 2010 criteria. Results Swim-up but not gradient method yielded a statistically significant reduction in the DNA fragmented sperm rate after preparation as compared to basal rates, in the semen samples of both unexplained (41.85 ± 22.04 vs. 28.58 ± 21.93, p < 0.001 for swim-up; and 41.85 ± 22.04 vs. 38.79 ± 22.30, p = 0.160 for gradient) and mild male factor (46.61 ± 19.38 vs. 30.32 ± 18.20, p < 0.001 for swim-up and 46.61 ± 19.38 vs. 44.03 ± 20.87, p = 0.470 for gradient) subgroups. Conclusions Swim-up method significantly reduces sperm DNA fragmentation rates and may have some prognostic value on intrauterine insemination in patients with decreased sperm DNA integrity.
Introduction
Intrauterine insemination (IUI) plus controlled ovarian hyperstimulation (COH) with gonadotropins is used for the treatment of mild male factor and unexplained infertility [1] . The success of COH+IUI cycles is mainly dependent on female and male factors, including age, ovarian reserve, infertility period, total motile sperm count, and sperm morphology [2] . However, most of COH+IUI cycles do not result in pregnancy despite the absence of abnormality in these apparent factors. It is possible that defects of sperm DNA in some degree may cause the inability of fertilization or implantation of the fertilized ovum and have an impact on IUI cycle outcomes [3] . Sperm DNA fragmentation was also frequently found in normozoospermic men in IUI treatment population [4] and thought to be a significant predictor of the outcome of IUI cycles [5, 6] . However, limited evidence led to discuss incorporating sperm DNA fragmentation testing to infertility workup in subfertile patients undergoing COH-IUI [7, 8] .
In cycles stimulated with clomiphene, basal sperm DNA fragmentation index (DFI) was related to progressive sperm motility, and use of DFI with high DNA stainability (HDS) was also effective for predicting clinical pregnancy [9] . In gonadotropin-stimulated cycles, age of partners, number of follicle, and post-wash sperm DNA fragmentation were found to be the most significant variables in predicting outcome of IUI and no pregnancy was seen when the proportion of sperm fragmentation exceeds 12% [10] .
The possible underlying mechanisms of sperm DNA fragmentation are heat, radiation, abnormal lipid metabolism, and oxidative stress [11, 12] . The technique of sperm preparation for IUI may also pose a risk of sperm damage and may influence the rate of DNA fragmentation and IUI outcome [13] . This issue was evaluated in a limited number of studies with different preparation techniques and small subgroups. In a study by Younglai et al. (2001) , centrifuging was not found to have a significant effect on sperm DNA fragmentation in comparison with normal (with centrifugation) and direct (without centrifugation) swim-up techniques [14] . However, Volpes A. et al. concluded that pellet swim-up technique was associated with the lowest DNA fragmentation rates in comparison of different four techniques, including direct swim-up, pellet swim-up, density gradient, and density gradient followed by swim-up in IVF/ICSI cycles [15] . In cases of teratozoospermia, although both two methods improved the results, density gradient centrifugation method was superior to swim-up regarding achievement of the specimen with a higher proportion of normal morphology and intact DNA [13] . Karamahmutoglu et al. (2014) experienced in a prospective randomized study that the gradient method was superior to the swim-up method for IUI success in unexplained subfertile patients without a significant difference in the post-process standard semen parameters [16] . It is reasonable to ask whether these sperm preparation methods have different effects on sperm DNA fragmentation to influence the outcomes of IUI. However, to date, no study has compared these two most common sperm preparation technique concerning DNA fragmentation and its clinical importance on the outcomes of COH-IUI. In this prospective study, we primarily aimed to evaluate the effect of sperm preparation with swim-up or gradient technique on sperm DNA fragmentation rates in subfertile patients undergoing COH-IUI. We also evaluated whether swim-up or gradient methods have an impact on sperm DNA integrity in subgroups of IUI treatment, indicating mild male factor and unexplained infertility.
Material and methods
This prospective randomized study was conducted to compare post-wash sperm DNA fragmentation rates between two frequently used methods of sperm preparation for IUI, swim-up, and density gradient centrifugation. For this purpose, we evaluated semen samples obtained from 65 male partners of infertile couples who underwent first COH-IUI cycles between September 2011 and September 2012, because of a diagnosis of primary infertility, secondary to mild male factor and unexplained infertility, and who were not previously treated with IUI or IVF. The Local Ethical Committee, Board of Clinical Researches of Gazi University, approved the study with an approval number of 200. This study was also registered to ClinicalTrials.gov Protocol Registration and Results System with an ID of NCT01859520 and title BSwim up and Gradient Methods Used in Assisted Reproduction Techniques on DNA Fragmentation of Spermatozoa^.
Main inclusion criteria of cases were having at least two abnormal sperm analysis as low number of sperm count and/or restricted motility according to World Health Organization (WHO) 2010 criteria [17] in mild male factor group, and the patients having normal sperm parameters in addition to normal ovulatory status and patent fallopian tubes either by hysterosalpingography or laparoscopy of females in the unexplained group. The diagnosis was primary infertility, and no IUI or IVF attempts were performed previously. Exclusion criteria were a history of ovarian surgery in female and severe oligozoospermia (sperm count < 5 million per mL), and systemic diseases or therapies influencing DNA integrity in a male partner.
All IUI cycles were stimulated by recombinant gonadotropins (Gonal-F®, Merck-Serono, Istanbul, Turkey) that were started on the third day of a treatment cycle. Starting and maintaining the dose of gonadotropins were adjusted based on basal ovarian reserve parameters, including age, BMI, basal FSH and antral follicle count, and ovarian response, respectively. Ovarian response and follicular growth were monitored by serial transvaginal ultrasonography (TVU) with measurement of serum level of estradiol (E 2 ) beginning from the eighth day of cycle to the day of ovulation trigger. Ovulation was triggered with hCG (Ovitrelle®, Merck-Serono, Istanbul, Turkey) when one or two dominant follicles reach 17-18 mm in diameter on TVU. IUI was performed 36 h after hCG administration. Vaginal progesterone (Crinone gel®, MerckSerono, Istanbul, Turkey) was used for luteal phase support in all cycles. Pregnancy was tested 2 weeks after the IUI, and a visible gestational sac on TVU is accepted for a clinical pregnancy in patients with a positive pregnancy test.
Semen samples were obtained by masturbation after 3-5 days of sexual abstinence in the IVF laboratory, a unit of Gazi University on insemination day. After basal semen volume was measured, each sample of semen was divided into two portions for washing with either swim-up or gradient density methods in all subjects. Basal and post-wash rates of sperm DNA fragmentation were assessed by using Halosperm® kit (Halotech DNA SL, Madrid, Spain) as described below. Embryologists randomly selected samples for IUI based on a randomization table created with the software The Statistical Program for Social Sciences (SPSS, version 11.5, IBM, Chicago, IL, USA). Doctors and patients were blinded to the method of sperm preparation for IUI (Fig. 1 ).
Swim-up technique
The swim-up technique was carried out after basal seminal analyses were performed with 5 μL of seminal samples liquefied in 20 min in an incubator. The remaining semen sample was put in a falcon conical tube, and a washing medium (Sperm Rinse Solution, Vitrolife, Göteborg, Sweden) was added in 1:1 proportion. Then, the sample was centrifuged at 157g in 10 min. After the supernatant was removed, a 0.5-mL medium (Sperm Rinse Solution, Vitro Life, Sweden) was added over the pellet in a tube and kept at a 45°angle. The sample was incubated at 37°C for 1 h. A part of the sample was re-analyzed for sperm count and motility. Then, 0.3-0.5 mL of sperm solution was collected with a pipette while keeping the 45°angle of the tube constant and transferred into a 6-mL round bottom tube to be used for IUI.
Gradient technique
In this technique, sperms were separated by using a mixture of bicarbonate and HEPES-buffered silane-coated colloid silica particles (SpermGrad™, Vitrolife, Göteborg, Sweden) which were prepared both 40 and 90% in concentration by using G-IVF™ PLUS medium (Vitrolife, Göteborg, Sweden) at first. Gradient medium in 90 and 40% concentration was added sequentially to an empty falcon conical tube with preventing mixing of them. After this preparation was incubated at 37°C for 15 min, the semen sample was slowly put on to this medium with a pipette and centrifuged at 381g in 10 min. Then, the supernatant was removed, and the pellet was transferred to another 6-mL round bottom tube. A 3-mL of G-IVF™ PLUS medium (Vitrolife, Göteborg, Sweden) was put on to a pellet and centrifuged at 381g for 10 min. The pellet was resuspended to 0.3-0.5 mL of sperm wash solution and transferred into a 6-mL round bottom tube for IUI.
Evaluation of sperm DNA fragmentation
Sperm DNA integrity was tested using Halosperm® kit (Halotech DNA SL, Madrid, Spain) based on a principle that sperms with fragmented DNA fails to show big and medium halos of dispersed DNA loops that are observed in sperm with non-fragmented DNA under microscope, following acid denaturation and removal of nuclear proteins by using the following steps:
1. Agarose in Eppendorf tubes was kept at 37°C for 5 min after it was melted in a beaker that was filled with water at 95-100°C. 2. After sperm sample was diluted to a maximum 20 million sperm per milliliter, 25 μL of semen sample was added to the tube and 15 μL of the mixture was transferred to the precoated agarose slide of the kit. 3. The slide was put in a fridge at 4°C for 5 min to allow solidification of agarose. 4. Meanwhile, denaturing solution was mixed with 10 mL of distilled water.
5. Then the slide was taken out from the fridge at 4°C, and its cover was removed. 6. The slide was sequentially incubated in a denaturing solution for 7 min, lysis solution for 25 min, distilled water for 5 min, 70% ethanol for 2 min, 90% ethanol for 2 min, and 100% ethanol for 2 min. 7. The slide was left for drying at room temperature and then, stained with Diffquick. 8. Sperms were evaluated under a bright field microscope with × 40 objective whether they have a big, medium and small, or no halo, or they show degradation. Because denaturing steps permits to prevent denaturation of sperm tail, sperms were easily discriminated from other cells. Percentage of sperms showing small halo, degradation, and no halo reveals DNA fragmentation rate as described on the manufacturer's website (http://www. halotechdna.com/wp-content/uploads/2015/09/ Halosperm-web.pdf). A minimum number of 500 spermatozoa were assessed per one slide for one patient.
Main outcome measure was the comparison of basal and post-procedure DNA fragmentation rates in swim-up and gradient techniques in unexplained and mild male factor infertility. Secondary outcome measures were the comparison of basal and post-wash sperm DNA fragmentation rates, concentration, and motility of sperms between cycles resulted with and without pregnancy. Comparison of sperm DNA fragmentation rates among different age periods of patients was also considered as secondary outcome measures.
Recorded data were analyzed with the Statistical Program for Social Sciences (SPSS, version 11.5, IBM, Chicago, IL, USA). Demographic characteristics were compared with Mann-Whitney U test. Pre-and post-washing sperm values were analyzed with Wilcoxon signed rank test in paired group comparisons. Kruskal-Wallis test is used for comparisons of three or more groups. Data were presented as mean ± standard error mean (SEM) and p value was set to < 0.05 for statistical significance.
Results
A total number of 65, 34 (52.3%), and 31 (42.7%) subfertile cases were recruited to unexplained and mild male factor groups, respectively. Demographic characteristics, including the age of partners and infertility period between unexplained and mild male factor groups, were similar and presented with basal and post-washing sperm analyses and DNA fragmentation rates in Table 1 . Mean basal, post-swim-up, and postgradient sperm DNA fragmentation rate was found to be similar between the male factor and unexplained infertility groups. Comparison of basal and post-washing sperm analyses and DNA fragmentation rates between 20 and 29, 30-39, and ≥ 40 years of male age groups in all cases of the study also revealed no any significant difference between these different 10 years of age intervals (Table 2) .
Paired samples statistics showed that the mean basal sperm DNA fragmentation rate was significantly improved with swim-up (44.1 ± 2.5 vs. 29.4 ± 2.4, p < 0.0001, respectively) but was not improved with gradient method of sperm preparation technique (44.1 ± 2.5 vs. 41.2 ± 2.6, p = 0.111, respectively) among all cases. Table 3 shows paired comparison of basal, post-swim-up and post-gradient number of sperm count, motility, and DNA fragmentation rates within unexplained and male factor groups. Analyses revealed that postprocedure sperm DNA fragmentation rate was improved better by swim-up than by gradient method in both unexplained (28.5 ± 3.7 vs. 38.7 ± 3.8, p = 0.0001, respectively) and male factor groups (30.3 ± 3.2 vs. 44 ± 3.7, p = 0.0001, respectively). Sperm DNA fragmentation was not significantly different from basal values by gradient method in both unexplained (41.8 ± 3.7 vs. 38.7 ± 3.8, p = 0.160) and male factor groups (46.6 ± 3.4 vs. 44 ± 3.7, p = 0.470).
Comparison of basal and post-preparation progressive sperm motility, morphology, and DNA fragmentation rates between cycles with and without clinical pregnancy is shown in Table 4 . In this analysis, any variable did not show a significant difference between groups resulted with and without pregnancy.
Discussion
In this study, our primary objective was to compare swim-up and gradient methods of sperm preparation regarding sperm DNA fragmentation rates in semen samples of a subfertile population undergoing their first IUI cycle. The main finding was that swimup method significantly decreases sperm DNA fragmentation rate by sperm chromatin dispersion (SCD) test (Halosperm kit) in both unexplained and mild male factor infertility. Also, gradient method did not result in significant improved sperm DNA quality among the population undergoing IUI.
Previously, only a few study compared swim-up and gradient methods with regard to sperm DNA fragmentation. In a survey among 35 semen samples, DNA fragmentation rates have been found to be lower by gradient than swim-up method, although characteristics of cases and basal values of DNA fragmentation were not mentioned [18] . In another study, although gradient method was found to be better, both swim-up and gradient methods improved DNA fragmentation in teratozoospermic semen samples [13] . The inconsistency of the results between the present and previous studies may result from evaluation of different population, different assessment methods of DNA fragmentation, and/or small sample sizes of the studies. Concordantly, it was concluded by Younglai et al. and Chenlo PH et al. that sperm DNA fragmentation rates are not increased but also decreased while processing semen samples with a swim-up technique in infertile and fertile cases [14, 19] .
Higher sperm DNA fragmentation rates were found to be correlated with abnormal sperm parameters, including oligozoospermia, teratozoospermia, and asthenozoospermia when compared to normozoospermia, and also the severity of these abnormalities [4, 20] . Furthermore, lower sperm DNA integrity was shown in normozoospermic infertile men undergoing IUI than fertile controls [4] . Since unexplained and mild male infertility is the primary diagnoses of men enrolled to IUI, we also aimed to evaluate whether a difference exists between basal and post-washing sperm DNA fragmentation rates between unexplained and mild male factor infertility. Our data revealed similar basal and post-washing sperm DNA fragmentation rates between unexplained and mild male factor infertility.
Karamahmutoglu H. et al. previously found that gradient method was superior to swim-up regarding biochemical, clinical, and ongoing pregnancies as the outcomes of IUI without any significant difference in basal and post-preparation sperm analyses [16] . This finding suggested the probability of [10] . In that study by Duran EH et al., just gradient method was used and non-statement of basal values makes impossible to comment whether sperm preparation technique has some role in cycle outcomes via DNA fragmentation rates. This study is also unique regarding comparing basal and post-process sperm DNA fragmentation rates on IUI cycle outcomes. In contrast to previous reports evaluating only basal [9] and post-washing [10] sperm DNA fragmentation, we found no significant difference in mean basal (49 ± 5.2 vs. 43.2 ± 2.8%, p = 0.295), post-swim-up (32 ± 4.8 vs. 28.9 ± 2.8%, p = 0.317), and post-gradient (46.5 ± 6.6 vs. 40.3 ± 2.9%, p = 0.380) DNA fragmentation rates between pregnancy and failure groups, respectively. In previous studies, the [9, 10] . The variable sensitivity of the assessment methods of DNA fragmentation may also be responsible from controversial results as SCD test was found to be more sensitive than TUNEL method [22] that were used in the present and previous study, respectively [10] . The importance of basal and post-wash DNA fragmentation might also be low in subfertile population. Because of incorporation of the low number of pregnant participants into the analyses, it is also difficult to conclude the role of DNA fragmentation rates on IUI cycle outcomes.
In conclusion, because swim-up method significantly yielded better sperms with DNA integrity in subfertile population, the use of swim-up sperm processing method seems to be valuable for patients expected to have higher rates of DNA fragmentation.
